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COMPLETE SPECIFICATION 
Refrigerator 



We, General Motors Corporation, a 
Company incorporated under the laws of the 
State of Delaware, in the United States 
of America, of Grand Boulevard, in the City 

5 of Detroit, State of Michigan, in the United 
States of America (Assignees of John Joseph 
O'Connell and Albert Joseph Kuhn), do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 

10 and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement:' — 

This invention relates to refrigerators. 
A refrigerator, according to the invention, 

15 comprises a freezer compartment and a rtcr- 
age compartment coded by air circulated by 
a fan past an evaporator, through the com- 
partments, and back to the evaporator in 
which when the compressor motor is de- 

20 energised and when the storage compartment 
temperature rises to a predetermined value, 
the air fan motor is de-energised and a 
heater is energised to de-frost the evaporator. 
Preferably the refrigerator has a de-frost 

25 limit switch in response to the operation of 
which, at a predetermined maximum eva- 
porator temperature above freezing, the de- 
' frost heater is de-energised and the com- 
pressor motor is energised. 

30 The scope of the invention is defined . by 
the appended claims; arid how it can be . 
performed is hereinafter particularly described 
with reference to the accompanying drawings 
in which: 

35 Figure 1 is a vertical section through one. 
form of refrigerator according to the inven- 
tion; 

Figure 2 is a section on the line 2 — 2 of 
Figure 1 ; 

40 Figure 3 is a fragmentary section on the 
line 3 — 3 of Figure 2; 

Figure 4 is a circuit diagram for the form 
of refrigerator shown in Figures 1 to 3; 
Figure 5 is a fragmentary vertical section 



through another form of refrigerator accord- 
ing to the invention; and 

Figure 6 is a circuit diagram for the form 
of refrigerator shown in Figure 5. 

Figures 1 and 2 shew one form of refri- 
gerator having a cabinet 20 with an insulated 
rear wall 22, insulated side walls 24 and 
an insulated top wall 36. The cabinet has 
a freezer compartment 30 and a storage com- 
partment 32 having doors 26 and 28 res- 
pectively. The bottom insulated wall is not 
shown and between the compartments 30 and 
32 there is an insulated horizontal partition 
34. 

The freezer compartment 30 is enclosed 
by a liner 3S with a false bottom wall 40 
resting on top of the vertical fins of an 
evaporator 42, which in turn rests on the 
bottom of the inner liner 38. The storage 
compartment 32 has shelves such as the shelf 
44 and a meat container 46 above the shelf 
44 with a lid 48 and a shield 50 over the 
lid 48. The storage compartment 32 is 
enclosed within a liner 52. Passages 56 are 
provided in the insulation 58 of the partition 
wall 34. The top wall 54 extends forward 
to a mullion 60. 

Air from the storage compartment 32 passes 
upwardly through slots 62 in the front of 
the partition 34 and flews rearwardly through 
the passages 56 over the top wall 54 to 
apertures 64 at the rear of the insulation 
58. This air keeps the top wall 54 warm 
enough to prevent condensation of moisture 
thereon. As shown in Fig. 3, the air then 
passes upwardly through the apertures 64 
and through passages 65 in insulation 67 and 
thence forwardly through side passages 66 
of an evaporator compartment 68 between 
the false top wall 40 and the bottom of the 
liner 38. 

The passages 66 are formed by two 
dividers 70 at the rear which extend for- 
wardly into contact with vertical fins 72 
which divide the evaporator 42 into a closely 
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finned central section 74 and side sections 
76 in which the fins are widely spaced. These 
vertical fins extend from the front to the 
rear of the evaporator and are mounted upcn 
5 horizontal serpentine refrigerant tubing 78. 
The evaporator construction is described 
more fully in our co-pending application No. 
13321/62 (Serial No. 948224). 
An accumulator 80, in a space at the 
10 front of the evaporator compartment, is con- 
nected to the outlet of the evaporator. 

A grill 82, with three inlet openings 84 
directly in front of the closely spaced fin 
portion 74 of the evaporator 42, provides 
15 an inlet for cold dry air frcm the freezer 
comparrment 30 into the front of the eva- 
porator compartment 68 where the air mixes 
with preceded dried air frcm the side pas- 
sages 65. Thus, only cooled and dried air 
20 reaches closely spaced fins 74 and relatively 
more frost is deposited on the widely spaced 
dfins 76, which minimizes clogging and makes 
frequent de -fro sting unnecessary. 

A central notch in the false bottom wall 
25 40 is covered by an inlet shroud SS of a 
centrifugal fan SO driven by a fan motcr 
02 located in a recess 94 in the rear wall 
22. The fan 90 has an upwardly extending 
•cutlet 96 for discharging the greater portion 
30 of the cold air into the freezer compartment 
30. The inlet shrcud 88 and outlet 96 
are enclosed within an ornamental cover 9S 
which prevents air from the freezer compart- 
ment 3C frcm depositing frost cn the cold, 
35 surfaces cf the inlet shroud 8S and the out- 
let 96. The fan 90 also has a downwardly 
extending outlet 121 -leading through passages 
123 and 125 in the insulation to the inlet 
of an air valve 127. 
40 The valve 127 includes a fluid motor 129 
connected by a capillary, tube 131 to a bulb 
;133 mounted in the storage compartment 32 
cn the liner 52. The valve includes a stem 
135 carrying a rectangular valve head 137 
45 which cooperates with a valve seat 139. 

A compre::icn spring 141 regulates move- 
ment of the stem so that the valve closes 
when the temperature cf the bulb 133 is 
34° F. and opens fully when the tempera- 
50 lure of the bulb 133 reaches 39° F. 

The valve outlet 143 has louvres for direct- . 
ing some of the air downwardly onto the 
meat container 46. The air valve 127 
throttles the air flow so as to prevent the 
55 storage compartment temperature from fall- 
ing below freezing and particularly for nor- 
. mally maintaining its temperature between 
34° and 39° F. If desired, the >valve 127 
may be modified so as to be settable manually 
60 to maintain the storage comparrment between 
34° and 39° F. 

A compressor 145, driven by an electric 
triotor 147 (Figure 4), is connected to a 
suction line 149 leading from the accumulator 
65 80. The compressor outlet is connected to 



a condenser 151 connected by a capillary tube 
153 to the inlet of the evaporator 42. 

Figure 4 shows the motor 147 connected 
to a supply line 155 and to a fixed contact 
157 of a single-pole, double- throw, snap- 70 
acting switch 159. 

The switch 159 has a movable contact 167 
connected to a supply line 169 and operable 
by a beiMows 161. 

The switch 159 is snap-acting and has 75 
a fluid motor 161, connected to a movable 
contact 167. The motor 161 is connected 
to a capillary tube 163 having one part 164 
in contact with the freezer compartment liner 
38 and another part 166 mounted on the 80 
inner face of one cf the fins at the left rear 
portion of the evaporator 42 (Figure 3) where 
the air from the storage compartment 32 
first, contacts the evaporator 42. 

The contact 167 of switch 159 moves to 85 
a fixed contact 171 when the freezer com- 
partment liner reaches —2° F. and moves 
back to fixed contact 157 when the air from 
the storage compartment is at a temperature 
of -f 11° F. This ensures that refrigeration 90 
is quickly provided when the storage com- 
partment door 28 is opened and also ensures 
minimum temperature fluctuation in the stor- 
age compartment.. . 

Contact 171 of switch 159 is connected 95 
by a conductor 195 to one end of a. small 
high resistance hearer 193 wrapped around 
the part 164 of the capillary tube 163. The . 
ether end of heater 193 is connected by a 
conductor 197 to one end of a defrost heater 100 
177, which is mounted in notches in the. fins .. 
of the evaporator 42. The. heater 193 pre- 
vents the . part 164 of the tube 163 from 
exerting control while the compressor is idle. 
During a normal idle period of the com- 105 
pressor 147, the heater 193 supplies a small' 
amount of heat to the part 164 of the 
capillary tufce 163 so as to counteract the 
cooling effect cf the liner 38 and to raise 
the temperature of the . part 164 above the l is, J 
temcerature of the part 166 so that starting 
cf the compressor 147, under normal circum- 
itances, depends upon the temperature of the 
part 166. Since the heater 193 is a high 
resistance heater, no sensible heat is 115 
generated in the lew resistance de-frost heater 
177. 

Figure 4 also shows a fan motor 92 which 
operates at all times except during defrost- 
ing. The fan motor 92 is connected by 120 
a conductor 173 to the supply conductor 
169 and by conductors 172 and 174 to a 
normally closed defrost limit switch 175 in 
series with the defrost heater 177. The 
defrost heater 177 is of such low resistance 125 
that the small current drawn by the fan 
motor 92 causes only about one watt con- 
sumption in heater 177. 

The defrost limit switch is snap-acting and 
opens at 50° F. and closes at 22° F. It is 130 
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mounted, near one of the openings 64, on 
the bevelled edges of seme 0 f the widely- 
spaced evaporator fins. 

Figure 4 also shows a switch 179 which 

5 p mounted on the rear wall of the storage 
compartment 32 beneath the bulb 133 and 
the shelf 44, and which is open so long as 
the temperature of the storage compartment 
32 is below 39° F. 

10 The switch 179 includes a cantilever bi- 
metal arm 181 carrying contact 183 which 
cooperates with a fixed contact 185. A weak 
C-shaped toggle spring 187 cooperates with 
a hock-shaped spring arm 189. The arm 

15 181 is connected by a conductor 191 to 
contact 171 of the switch 159. The fixed 
contact 1S5 is connected to the conductor 
174. 

The operation cf the refrigerator is as 

20 . follows. Under normal conditions, the 
correct temperatures are maintained by con- 
trol of the compressor, which starts when 
the temperature of the "air leaving the storage 
compartment, as sensed by the part 166 of 

25 the capillary tube 163, reaches +11° F., 
and steps when the temperature cf the freezer 
compartment liner 38, as sensed by the part 
164 of the capillary tube, falls to —2° R 
During such operation the defrost limit 

30 switch 175 is closed and the switch 179 
is open. The heater 193 is energised during 
idle periods of the compressor. The fan 
is energised continuously. 

Frost builds up gradually on the evaporator, 

^5 owing to door opening and storage of moist 
packages, and eventually the amount of cold 
air supplied through the valve 127, even 
though it is fully open, to the storage com- 
partment is insufficient to prevent its tem- 

40 perature from reaching 39° F. When this 
occurs, switch 179 closes. Contacts 167 and 
*' ' 171 of switch 159 are closed at this time 
because the freezer compartment liner 3S is 
at or below —2° F. The fan motor is 

45 short-circuited, by closure cf switch 179 and 
v switch 175 remains closed because the tem- 
perature of the evaporator is below 50° F. 
Closure of switch 179 also de-energises the 
heater 193. A circuit is thus made for 

50 the de-frost heater 177 from supply line 1^5 
and through closed switch 175, conductor 
174, closed switch 179, conductor 191 and 
closed contacts 167, 171 to supply line 169. 
Premature operation of switch 159 to start 

55 the compressor motor is prevented by the 
short circuiting of heater 193. 

The de-frost heater 177 is energised until 
the de-frost limit switch 175 senses that the 
nearby region of the evaporator is above 

60 50° F. This ensures that the evaporator is 
completely de-frosted because the switch 175 
is mounted where the frost melts last. Switch 
175 opens and heater 177 is de-energised. 
Opening of switch 175 re-energises the heater 

65 193 so that the capillary tube part 166, which 



is at a temperature above +11° F., becomes 
operative to move contact 167 of switch 159 
to contact 157. This re-starts the compressor. 

The de-frcst limit switch 175 remains open 
because the evaporator is still above +22° 70 
F. and as a result there is a pause, while 
the evaporator temperature falls, before the 
fan can re-start. This ensures that air at 
too high a temperature is not circulated 
through the storage compartment. When the 75 
evaporator temperature falls below +22° F. 
the de-frost limit switch 175 closes and the 
fan re-srarts. With the arrangement just des- 
cribed, de-frosting cannot start while the 
compressor motor is running because the con- 80 
tact 167 of switch 159 is at that time on 
contact 157. 

De-frcst water is led away by a drain 
(net shown). 

In the second form of refrigerator the 85 
fluid motor of the air valve can also operate 
a switch and a different control circuit is 
used; otherwise the refrigerator is identical 
with that just described. The same reference 
number: have been used where possible in 90 
Figures 5 and 6, which show, respectively, 
the air valve with the associated switch and 
the control circuit. 

In the air valve shown in Figure 5, the 
fluid motor 129 is connected by a capillary 95 
tube 131 to a bulb (not shown) similar to 
the bulb 133 in the refrigerator just .described 
and mounted similarly against the, liner of 
the storage compartment. 

The valve head 200 is attached to the 100 
stem 135 by a flexible mounting 201 so 
that the head seats correctly on the valve 
seat 139. The stem 135 is sealed by a felt 
washer 253 beneath the valve outlet 145. 

The lower end of the spring 141 bears 105 
against a disc 156 carried by the stem 135 
and the disc 156 carries an arm 236. The 
arm 236, in the fully open position of the 
valve, engages a button 234 of a single-pole, 
dcub'e-thrcw switch 232 shown also in Figure 110 
6, to which reference . will now be made. 

Figure 6 shews the two part capillary tube 
163 connected to the fluid motor 161. How- 
ever, in this control circuit, the fluid motor 
If A controls a single-pole, single-throw switch 115 
181 in series with the compressor motor 
147, which is also connected to the supply 
line, 155. The fan motor 92 is connected 
in parallel with the motor 147 and switch 
181 by conductors 228 and 230. 120 

Conductor 228 is connected to one fixed 
contact 196 of a single-pole, double-throw 
switch comprising a movable contact 198 
and an operating coil 199. The other fixed 
contact 254 of the switch is connected by 125 
a conductor 256 to a thermo-responsive 
safety switch 258 in series with the de-frost 
heater 177, which is connected to the supply 
line 155. 

The movable contact 198 of the coil- 130 
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operated switch is connected to the other 
supply line 169 and also, by a conductor 
262, to one end of the small heater 193 
wrapped around the part 164 cf the capillary 
5 tube 163. 

The coil 199 of the coil-operated switch 
is connected by a conductor 246 to the supply 
line 169 and, by a conductor 244, to one 
fixed contact 242 of the switch 232 on the 
10 air valve 127. 

The other fixed contact 240 of the switch 
232 is connected by a conductor 264 to a 
small heater 224 in series with another heater 
226 connected to the supply line 155. 
15 The heater 224 is wrapped around the 
part 166 of the capillary tube 163. 

The heater 226 is lccated within the insu- 
lation of the mullion 60 to prevent conden- 
sation between the doors 26 and 28. 
20 The switch 232 has a movable contact 
238 connected to the other end cf the heater 
193 and, by a conductor 248, to the de- 
frost limiter switch 175 which is also con- 
nected to the same side of the compressor 
25 motor 147 as the switch 181. 

The operation of the second fcrm of refri- 
gerator is as follows. During normal cpera- 
ticn correct temperatures are maintained in 
the compartments by the air valve 127 and 
30 the associated switch 232. When the air 
•valve 127 is closed or only partially open 
the movable contact 238 cf switch 232 is 
against fixed contact 240. Coil 199 is de- 
energised and the associated movable con- 
35 tact 198 is against fixed contact 196. 

The de-frost limit switch 175 is closed. 
The compressor motor 147 is controlled 
by the switch 202, being energised if the 
capillary tube pan 166 reaches 11° F. and 
40 de-energised when the tube part 164 falls to 
-2° F. 

The heater 224 is energised only when 
the compressor motor is energised (Switch 
181 closed) and the capillary rube part 166 
is prevented from exercising, control during 
running of the compressor motor 147. This 
ensures that, if there is a low ambient tem- 
perature or if the capillary tube part 166 
becomes frosted, the pan 166 cannot become 
colder than the capillary tube part 164 and 
cannot cause the compressor motor 147 to 
stop before the freezer compartment 30 
reaches —2° F. 

The heater 193 is energised during normal 
operation only when the compressor motor 
is de-energised (switch 181 open) and this 
ensures that under warm ambient conditions 
the capillary tube part 166 is active during 
off-periods of the compressor motor to con- 
trol the switch 181 so that the compressor 
will quickly be started in response to too 
high an air temperature in the storage com- 
partment which under warm ambient con- 
ditions responds more quickly than does the 
freezer compartment. 



The fan motor 92 is energised, continu- 
ously during normal operation (contacts 198, 
196 closed). 

As in the first form of refrigerator already 
described, frost t>uiJd-up eventually causes 70 
the temperature in the storage compartment 
to rise to 39° F., the air valve 127 them 
moving to its fully open position. This causes 
the associated switch 232 to be operated so 
that its movable contact 238 moves to fixed 75 
contact 242. 

The switch 181 is in parallel with the 
coil 199 and the latter is not energised until 
switch 181 opens which ensures that the 
freezer compartment is sufficiently cooled 80 
before de-frosting begins. 

When switch 181 opens, the coil 199 is 
energised and movable contact 198 moves to 
fixed contact 254. 

This de-energises the fan motor 92 and 85 
energises the de-frost heater 177. At the 
same time the current through the com- 
pressor motor 147 is reduced to a small value 
so that the motor 147 also stops. 

De-frosting continues until the temperature 90 
of the evaporator at the rear of the widely- 
spaced fins, as sensed by the de-frost limit 
switch 175, reaches 50° F. Switch 175 
opens and. coil 199 is de-energised. Switch 
contact 198 moves back to fixed contact 196 95 
and the de-frost heater is de-energised; 

The fan motor 92 is re-energised. 

During de-frosting the capillary tube part 
166 is warmed so that switch 181 closes 
and the return of contact 19S to contact 196 ~100 
consequently re-energises the compressor 
motor 147. 

Ultimately, switch 175 closes when the 
temperature at the rear of the evaporator falls 
to 22° F. By this time the temperature 105 
in the storage compartment 32. is below 39° 
F. and the air valve 127 is no longer fully 
open so that the movable contact 238 of 
switch 232 is on fixed contact 240 for normal 
operation. jio 

WHAT WE CLAIM IS: — 

1. A refrigerator comprising a freezer com- 
partment and a storage compartment cooled 
by air circulated by a fan past an evaporator, 
through the compartments, and back to the 115 
evaporator in which when the compressor 
motor is de-energised and when the storage 
compartment temperature rises to a predeter- 
mined value, the air fan motor is de-energised 

and a heater is energised to de-frost the 120 
evaporator. 

2. A refrigerator according to claim 1 hav- 
ing a de-frost limit switch in response to 
the operation of which, at a predetermined 
maximum evaporator tem^rature above 125 
freezing, the de-frost heater is de-energized 

and the compressor motor is energized. 

3. A refrigerator according to claim 2 in 
which the de-frost limit switch is operable at 
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a predetermined evaporator temperature 
below freezing to energise the fan. 

4. A refrigerator according to claim 2 or 
claim 3 in which the de-frost limit witch 

5 is mounted on the evaporator adjacent where 
air from the storage compartment initially 
contacts the evaporator. 

5. A refrigerator according to any one of 
the preceding claims in which the compressor 

10 motor after a normal idle period is energised 
in response to a maximum temperature of 
air leaving the storage compartment and de- 
energised in response to a minimum freezer 
compartment temperature. 

15 6. A refrigerator according to claim 5 in 
which the compressor motor is energised and 
de-energised respectively after, and before a 
normal idle period by a control switch oper- 
able by a fluid motor connected to a capillary 

20 tube having one part responsive to the tem- 
perature of air leaving the storage compart- 
ment and another part responsive to freezer 
compartment temperature. 

7. A refrigerator according to claim 6 hav- 
25 ing an electric heater to heat the part of 

the capillary tube responsive to freezer com- 
partment temperature and which is energised 
during normal idle periods of the compressor 
motor and de-energised during running 
30 periods of the compressor motor. 

8. A refrigerator according to any one of 
the preceding claims in which air removed 
from the storage compartment before return- 
ing to that compartment and while separated 

35 from the air from the freezer compartment 
is brought into initial contact with the eva- 
porator over an area different from that over 
which air from the freezer compartment 
initially contacts the evaporator. 

40 9. A refrigerator according to claim S in 
which air from the storage compartment 
initially contacts the evaporator at a widely- 
spaced fin section and air from the freezer 
compartment initially contacts the evaporator 

45' at a closely-spaced fin section. 

10. A refrigerator according to any one 
of the preceding claims in which the air fan 
motor is de-energised and the de-frost heater 
energised in response to operation of a 

30 switch operable by a thermo-responsive ele- 
ment located in the storage compartment. 
m . 11. A refrigerator according to claim 10 
in which the fan motor is in parallel with, 
and the de-frost heater is in series with, the 



switch operable by the thermo-responsive ele- 55 
ment. 

12. A refrigerator according to claim 10 
in which the thermo-responsive element is 
arranged to actuate an air valve to control 

air flow into the storage compartment. 60 

13. A refrigerator according to claim 12 
in which the switch operable by the thermo- 
responsive element is connected to the coil 
of a single-pole double-throw relay switch 
one fixed contact of which is connected to 65 
the de-frost heater and the other fixed con- 
tact of which is connected to the air fan 
motor. 

14. A refrigerator according to claim 13 

as dependent on claim 6 in which the switch 70 
operable by the fluid motor is connected in 
series with the compressor motor and the 
fan motor is connected in parallel with the 
switch operable by the fluid motor and in 
parallel with the compressor motor. 75 

15. A refrigerator according to claim 10, 
or any one of claims 12 to 14, as dependent 
on claim 2 in which the de-frost limit switch 
is connected between the compressor motor 
and the switch operable by the thermo- 80 
responsive element. 

16. A refrigerator according to claim 15 
in which the switch operable by the thermo- 
responsive element is a single-pole double- 
throw switch, one fixed contact of which is 85 
connected to the coil of the relay . switch 
and the movable contact of which is con- 
nected- to the de-frost limit switch. 7 

17. A refrigerator according to claim 16 

in which the other fixed contact of the switch 90 
operable by the thermo-responsive switch is 
connected to two heaters connected in series 
one of these heaters being arranged to heat 
the part of the capillary tube responsive to 
temperature of air leaving the storage com- 95 
partment and the other of these heaters being 
located in a mullion between . doors of the 
compartments to prevent condensation 
between the doors. 

18. A refrigerator substantially as herein- 100 
before particularly described and as shown 

in Figures. 1 to 4 of the accompanying draw- 
ings. 

19. A refrigerator substantially as herein- 
before particularly described with the modi- 105 
fications as shown in Figures 5 and 6 of the 
accompanying drawings. 

E. WILLIAMSON, 
Chartered Patent Agent. 
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